The Neotropical otter is one of the least known otter species, and it is considered to be threatened to various degrees throughout its geographic range. Little information exists on the ecological characteristics of this species, and no genetic study has been published about it until now, hampering the design of adequate conservation strategies for its populations. To contribute with genetic information to comprehensive conservation efforts on behalf of L. longicaudis, we characterized the molecular diversity of the 5' portion of the mtDNA control region in samples from this species collected in Southern and Southeastern Brazil. The sequence analysis revealed a high level of haplotype diversity (h = 0.819; SE = 0.0052) and nucleotide variability ranging from 0.0039 to 0.0067. One of the sampled haplotypes was the most common in both regions and, from this sequence, several other (locally occurring) haplotypes could be derived by single point mutations. No significant genetic differentiation was observed between the Southern and Southeastern regions.
Introduction
Accurate estimates of genetic diversity and its patterns of geographic structuring are extremely important for the ultimate adequacy and success of conservation efforts. However, due to the elusive behavior of most carnivore species, this kind of information is often very difficult to obtain, as is the case of Lontra longicaudis (Mamalia, Carnivora, Mustelidae) . This medium-sized, semi-aquatic carnivore, is widely distributed in the Neotropical region, and currently faces threats such as habitat destruction and pollution in several parts of its distribution (Chehébar, 1990) . Information on the genetic diversity of this species, and its connection with ecological data, are required steps towards the effective conservation and management of this organism. no study has been published so far addressing the genetic variability of this species. For this reason, in this paper we aim to describe and analyze the diversity of the 5' portion of the mtDNA control region in this species, based on samples collected in Southern and Southeastern Brazil.
Material and Methods
Tissue (footpad, muscle and kidney) and blood samples were obtained from 20 individuals of L. longicaudis from several localities in the South and Southeast regions of Brazil. The former includes the states of Rio Grande do Sul, Santa Catarina, and Paraná; the latter includes samples from the states of São Paulo, Rio de Janeiro, and Minas Gerais. In addition, four fecal samples were obtained by collaborators working in the field or with captive individuals (Table 1) . Both tissue and scat samples were preserved
The mitochondrial DNA (mtDNA) control region has been extensively used in conservation studies of many species of vertebrates (Eizirik et al., 1998; Möller et al., 2001; Montoya-Burgos, 2003; Cantanhede et al., 2005; Márquez et al., 2006; Barnett et al., 2006; Tchaicka et al., 2007) . Due to the high polymorphism on its 5' end in vertebrates (Avise, 1994; Taberlet, 1996) , this segment has been widely used in populational studies of mustelids such as Gulo gulo (Wilson et al., 2000; Chappell et al., 2004) , Mustela putorius (Davison et al., 2000) , Martes foina (Davison et al., 2001) , Enhydra lutris (Larson et al., 2002) , and Lutra lutra (Mucci et al., 1999; Cassens et al., 2000; Pérez-Haro et al., 2005) .
Although the Neotropical otter is one of the least known otter species, several ecological studies focusing on L. longicaudis have been conducted in different localities in Brazil (Pardini, 1999; Colares and Waldemarin, 2000; Quadros and Monteiro-Filho, 2001 ). In contrast, lowed by 30 cycles of 94 °C for 45 seconds, 50 °C for 45 seconds, and 72 °C for 1.5 minute, and final extension of 72 °C for 3 minutes. Products were checked on a 1% agarose gel stained with ethidium bromide, purified with PEG8000, sequenced using the DYEnamic ET Dye Terminator Sequencing Kit (GE Healthcare), and analyzed in a MegaBACE 1000 automated sequencer (GE Healthcare). Sequences were deposited in GenBank under accession numbers EU251949-EU251960. Sequences were visually checked and manually corrected using CHROMAS 2.0 (http://www.technelysium. com.au/chromas.html), and subsequently aligned with the CLUSTALW algorithm implemented in MEGA 3.1 (Kumar et al., 2004) . MEGA was also used to perform sequence comparisons and computations of variability. The program Network 4.1.1.2 (www.fluxus-engineering.com) was used to construct a haplotype network depicting the evolutionary relationships among the sequences. To test whether there is genetic differentiation between the Southern and Southeastern Brazilian regions, we employed an Analysis of Molecular Variance (AMOVA) approach (Excoffier et al., 1992) implemented in ARLEQUIN 2.0 (Schneider et al., 2000) . Additional population genetic analyses were performed with DnaSP (Rozas et al., 2003) .
Results
A fragment of 516 bp was obtained from the 5' end of the mtDNA control region of 24 Neotropical otters. Removal of a 25 bp portion whose alignment was ambiguous resulted in a final data set of 491 bp, which was used in all subsequent analyses. Timines and adenines were quite prevalent in the otter CR (T: 30.12%; A: 26.50%; C: 24.44%; G: 18.94%). Fifteen polymorphic positions were identified (seven of which were parsimony-informative), allowing the detection of 12 different mitochondrial haplotypes (Table 2 ). The overall observed in ethanol 96% and blood samples were preserved in a salt saturated solution (100mM Tris, 100mM EDTA, 2% SDS). All samples were stored at -20 °C prior to DNA extraction. Total DNA was extracted from tissue and blood samples following a standard phenol-chloroform protocol (Sambrook et al., 1989) . DNA from scats was recovered using the QIAamp DNA Stool Mini Kit (Qiagen). The scat DNA extractions were carried out in a separate room to avoid contamination with other DNA sources.
The 5' portion of the mtDNA control region (CR), containing the first hypervariable segment, was amplified by Polymerase Chain Reaction (PCR) using the primer pair MTLPRO2 and CCR-DR1 (Tchaicka et al., 2007) . Since the DNA present in scat samples is often degraded and at low concentrations, the sequencing of long fragments from this type of material can be difficult. To address this issue, we developed internal primers for the otter CR, dividing it into three shorter fragments of approximately 250 base pairs (bp) each. We did this by initially sequencing multiple L. longicaudis individuals for the complete CR segment, along with two samples of the distantly related giant otter (Pteronura brasiliensis Gmelin, 1788), to identify internal segments for primer design that will likely be conserved across the subfamily Lutrinae. The resulting primers are: LonCR-R1 (reverse to MTLPRO2) (5'-ATGGTTTCTCGAGGCATGGT-3'), LonCR-F2 (forward to CCR-DR1) (5'-AACTATACCT-GGCATCTGGTTCTT-3'), and the internal pair LonCR-F1 (5'-GGTTTGCCCCATGCATATAA-3') + LonCR-R2 (5'-TGTGTGATCATGGGCTGATT-3').
Each 20 µL PCR reaction contained 1-2 µL of empirically diluted DNA, 1x PCR Buffer (Invitrogen), 1.5-2.0 mM MgCl 2 , 200 µM dNTPs, 0.2 µM of each primer, and 0.5 unit of Taq DNA Polymerase (Invitrogen). The PCR conditions were the following: 10 cycles (Touchdown) of 94 °C for 45 seconds, 60-51 °C for 45 seconds, and 72 °C for 1.5 minute; fol- Haplotypes with the same number and different letters (e.g. L-2A, 2B) are collapsed into a single haplotype when all sites with missing information or indels are excluded (e.g. Figure 1 ). bLlo: Lontra longicaudis; bPbr: Pteronura brasiliensis tee (Trichechus inunguis Natterer, 1883) of 0.624 (SE: 0.384) and 0.887 (SE: 0.026), respectively. Moreover, the same control region segment was used by Tchaicka et al. (2007) in phylogeographic analyses of the crabeating fox (Cerdocyon thous Linnaeus, 1766), a genetically diverse Neotropical canid. Indeed, the comparison between L. longicaudis and C. thous indicates that the nucleotide diversity is substantially higher in the latter (π = 0.019 ± 0.002), while the haplotype diversity is similar in both species (h = 0.83 ± 0.032 in C. thous).
Comparing the results obtained in this study with analyses performed with other mustelids, we observed that the levels of nucleotide variability estimated for the sampled L. longicaudis populations are among the lowest recorded so far in this carnivore family (e.g. Mustela lutreola (π = 0.0012 ± 0.0003 in Southeastern Europe; and 0.012 ± 0.0014 in Northeastern Europe populations; Michaux et al., 2005) , Gulo gulo (π = 0.0055 ± 0.0040 and 0.0153 ± 0.0091 in North and Prairie Canadian populations, respectively; Chappell et al., 2004), Enhydra lutris (π = 0.098 ± 0.029; Larson et al., 2002) . Nevertheless, the nucleotide diversity of L. longicaudis is still much haplotype diversity was high (0.8188), but the nucleotide diversity was low, even considering both sampled regions (0.0049; SE: 0.0015) and within each geographic region (Table 3) . Haplotype L-2A was clearly the most common and, along with haplotype L-3, it was found in both analyzed regions (see Tables 1 and 2) , while the other 10 haplotypes were restricted to either the South or the Southeast. The haplotype network (Figure 1) shows some reticulation, indicating the occurrence of homoplasy likely due to saturation at variable sites. The haplotypes were divergent mostly by a single difference, indicating a recent origin and no major divergence among these sequences. The analysis of genetic differentiation based on the AMOVA approach showed no evidence for significant divergence between the Southern and Southeastern populations (F ST = 0.0511; p = 0.1113). To assess whether alternative subdivision scenarios could indicate any genetic partitioning, we also tested two other structuring schemes allowed by our sampling: (i) 
Discussion
The Neotropical otter populations analyzed here exhibit low levels of nucleotide variation on the 5' end of the mitochondrial DNA control region, which is known to be a highly polymorphic marker in other vertebrates (Avise, 1994) . However, they present high haplotype diversity, indicating that they are not genetically depauperate, but rather may result from a recent process of population diversification in this region.
Observed levels of genetic variability in Neotropical otters were similar or lower (π = 0.0049 ± 0.0015; h = 0.8188 ± 0.0052) than values observed for other vertebrates. For example, Eizirik et al. (2001) found that the nucleotide diversity of jaguars (Panthera onca Linnaeus, 1758) throughout their range is 0.00771 (SE: 0.00010); Cantanhede et al. (2005) obtained nucleotide and haplotype diversity values for the Amazonian mana- Haplotype diversity.
Figure 1. Median-joining network of L. longicaudis mtD-NA control region haplotypes (using 491 bp; all sites containing indels or missing information were excluded). Each haplotype is represented by a circle, whose area is proportional to its population frequency. White circles (or areas within circles) represent samples from Southeastern Brazil, whereas black coloration indicates samples from Southern Brazil. Bars on branches indicate nucleotide substitutions inferred to have occurred in each lineage. higher than the levels observed so far for Lutra lutra in Europe (π = 0.0006; Ferrando et al., 2004) . In contrast to the low nucleotide diversity, the haplotype diversity found in the Neotropical otter is much higher than levels observed for other otter species, such as Enhydra lutris (h = 0.412; Larson et al., 2002) and Lutra lutra (h = 0.16 ± 0.06; Ferrando et al., 2004) . In contrast to L. longicaudis, large-scale studies on European populations of Lutra lutra based on 300 bp of the 5' end mtDNA control region have so far described only six haplotypes, all of which differing from each other by a single nucleotide, demonstrating very low levels of genetic variability for that species (Effenberger and Suchentrunk, 1999; Mucci et al., 1999; Cassens et al., 2000; Pérez-Haro et al., 2005) . Future assessments using standardized DNA segments and analytical methods should allow more detailed comparisons of the genetic diversity and underline the demographic history of the world's otter species.
This study provides a first description of the genetic variability of the Neotropical otter, based on the analysis of some populations originated from only a small part of the species' geographic distribution. The observed patterns suggest a recent origin and possibly a high demographic connectivity between the sampled areas, with no major genetic structuring. However, the samples outside Rio Grande do Sul State were very reduced (N = 9 over 3,000 km), which could also be responsible for the lack of significance in the F ST comparisons. Further studies must be conducted to provide a broader perspective on the genetic diversity of this species in its entire geographic range. The expansion of these genetic analyses, both in terms of geographic coverage and use of multiple marker systems, should contribute to increase the current knowledge on the history and population biology of the Neotropical otter, aiding in the development and implementation of conservation strategies targeting this species and its habitats.
